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Atherosclerotic plaque rupture and intraplaque
hemorrhage do not correlate with symptoms in
carotid artery stenosis
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Objective: Previously we failed to demonstrate a correlation between plaque type and symptoms in 165 carotid
endarterectomy specimens. The purpose of this study was to analyze the relation between the anatomy of the carotid
plaques and the presence of symptoms in 281 carotid endarterectomy specimens.
Methods: The patients were 213 men (mean age, 68 years) and 68 women (mean age, 68.7 years), with symptomatic disease
(n  133) or asymptomatic disease (n  148). Specimens were processed for histologic analysis and
immunohistochemistry.
Results: Plaques were categorized as complicated or noncomplicated, and ruptured or nonruptured. Risk factors could not
be correlated with any pathologic or immunohistochemical findings or between plaque type and clinical symptoms.
Conclusions: Almost 70% of plaque specimens demonstrated thrombus, intraplaque hemorrhage, or both. Thrombosis
was observed in one fourth of specimens, and intraplaque hemorrhage in almost two thirds of specimens. Sixty four
percent of plaques demonstrated neovascularization. It was not possible to demonstrate that complicated plaques (plaque
rupture, thrombosis, intraplaque hemorrhage) are associated with symptoms, and it appears that such plaques may occur
at any time, irrespective of symptoms. (J Vasc Surg 2003;38:1241-7.)
The decision of whether to perform endarterectomy in
patients with asymptomatic disease should be made on the
basis of data including degree of stenosis and activity of the
carotid lesion, as well as issues of medical and surgical
morbidity.1
Recently the cellular components of carotid endarter-
ectomy specimens were analyzed to assess their role in the
pathogenesis of plaque rupture, intraplaque hemorrhage
(IPH) without rupture, and thrombosis.2 These compli-
cated plaques have been implicated as the main lesions
responsible for onset of symptoms.3
The purpose of this study was to analyze in a large
sample the relation between anatomy of carotid plaques
and the presence of symptoms in 281 endarterectomy
specimens. To avoid an excessive number of plaque sub-
types that might blur the relationship with symptoms,3 only
complicated and noncomplicated plaques and ruptured and
nonruptured plaques were used for statistical analysis.
METHODS
Two hundred eighty one endarterectomies in 272 pa-
tients, performed between December 31, 1997, and Janu-
ary 2, 2002, were prospectively studied. Patients (mean
age, 68 8 years, range, 40-84 years) were 213 men (mean
age, 68 years; range, 45-83 years) and 68 women (mean
age, 68.7 years; range, 40-84 years). Complete clinical
information was available. Hypertension, diabetes mellitus,
hyperlipidemia, and smoking history were defined accord-
ing to the Framingham Heart Study,4 and hyperuricemia
was defined as plasma uric acid level greater than 7.5
mg/dL. All patients were receiving long-term aspirin ther-
apy (100-325 mg/d), and there was no difference between
patients with or without symptoms relative to use of other
medications.
Before surgery, all patients underwent color duplex
ultrasound scanning, and were examined by a neurologist,
who performed all additional studies necessary to ensure
that symptoms were related to carotid artery disease. Brain
computed tomography was performed in all patients with
symptoms. Contrast material–enhanced computed tomog-
raphy scans demonstrated positive findings in all patients
with stroke, and two patients with transient ischemic at-
tacks had discrete cerebral infarcts despite complete clinical
recovery.
Disease was classified as symptomatic (n  133) or
asymptomatic (n  148). Onset of symptoms was docu-
mented at direct questioning and chart review. Disease was
considered symptomatic if it had produced symptoms in
the last 180 days. Patients with asymptomatic disease were
operated on because of carotid lumen stenosis greater than
70%. Lumen stenosis was calculated from arteriographic
measurements at the site of the obstruction and at the
nonstenotic distal artery, according to the method of the
North American Symptomatic Carotid Endarterectomy
Trial (NASCET). Symptomatic disease included transient
ipsilateral hemispheric ischemic attack, amaurosis fugax,
and nondisabling stroke.
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Patients with dizziness or headache without a definite
focal cerebral event were considered to have asymptomatic
disease. Nine patients underwent bilateral endarterectomy.
Endarterectomy involved a long arteriotomy, with dis-
section of the lesion in toto. A shunt was used routinely,
and the stenotic segment and adjacent areas could be
dissected undisrupted as a single specimen. Therefore,
complete circumferential integrity was maintained, and the
luminal surface and plaque interior were preserved intact.
Tissue processing. Specimens were washed gently
with saline solution, labeled for orientation, and immedi-
ately immersed in 10% buffered formalin for 48 hours.
Calcified plaques required slow decalcification with 2.5%
nitric acid to prevent artifacts during histologic sectioning.
Each whole specimen was embedded in paraffin, and the
paraffin blocks containing the lesions were serially cut into
6-m sections. Every 40th section was stained with hema-
toxylin-eosin, Mallory’s trichome, Alcian blue (pH 2.5),
and Movat’s pentachrome stains. The next 15 sections were
mounted on slides coated with poly-L-lysine and used for
immunostaining. On average, 120 slides per centimeter of
plaque length containing 3 or 4 serial sections were ana-
lyzed blindly by two cardiovascular pathologists.2 Ninety
percent coincidence was obtained, and in the remaining
cases final diagnosis was made by consensus.
Histologic definition.5 Only extensive hemorrhage
within the plaque, with disruption of erythrocytes and
resulting in some distortion of the structure, were consid-
ered. Laminar hemorrhages were thin areas usually located
between the layers of the media. Any hemorrhage com-
posed of fresh, preserved erythrocytes was considered to
have occurred perioperatively.
Older hemorrhages were identified by macrophage en-
gulfment of hemosiderin and interstitial fibrosis, and even
presenting typical angiomatosis, with a dense network of
large, thin-walled vascular channels.
Parietal thrombus was defined as a nonocclusive clot
arising from the ulcerated plaque or adherent to the intimal
surface at the site of a microscopic break.
Immunocytochemical staining. Immunophenotyp-
ing of cells present in carotid plaques was performed with
monoclonal antibodies to identify lymphocyte subsets,
macrophages, endothelial cells, and smooth muscle cells.2
Statistical analysis. Clinical data, risk factors, and his-
tologic and immunocytochemical findings were analyzed
with the Fisher exact test or the contingency table analysis
method, as appropriate.
RESULTS
No significant differences were found between demo-
graphic data or risk factors and patients with asymptomatic
or symptomatic disease.
Histologic examination
In all cases the bifurcation and the first 10 to 15 mm of
the internal carotid artery were involved. In 196 plaques,
large lipid cores with a fibrous cap and a band of fibrous
tissue separating the plaque from the remainder of the
media were observed. The cap was frequently vascularized.
In most cases, extensive inflammatory infiltrates consisting
of macrophages, smaller numbers of T lymphocytes, a few
B lymphocytes, and mast cells were observed. In the re-
maining cases, the plaque was composed of fibrocellular
tissue only.
Plaques were categorized into seven types2:
1. Plaque rupture plus thrombosis (n 20, 7%). Caps were
highly variable in thickness. Area of rupture was covered
by thrombus, in many cases embedding the lipid core, in
close contact with a large pool of lipids. Borders of the
rupture were infiltrated by macrophages.
2. Plaque rupture plus IPH plus thrombosis (n 51, 18%;
Fig 1).
3. Plaque rupture plus IPH (n  52, 19%; Fig 2).
4. Calcified ulcerated plaque (n  7, 2%).
5. IPH without plaque rupture (n  75, 27%; Fig 3).
Despite careful search in serial sections, connection be-
tween area of hemorrhage and arterial lumen was not
observed.
6. Noncomplicated calcified plaque (n  58, 21%), con-
sisting of dense fibrous connective tissue, small amounts
of lipids, cell debris, and irregular masses of calcified
material.
7. Unstable, soft plaque (n  18, 6%), characterized by a
thin fibrous cap covering a lipid-rich core, with wide-
spread vascularization, and prone to future rupture,
hemorrhage, or thrombosis.
For statistical purposes, plaques were divided into two
subsets: complicated (types 1 through 5) and noncompli-
cated, and ruptured (types 1 through 4) and nonruptured.
Complicated versus noncomplicated plaques.
Complicated plaques (205 of 281) exhibited mononuclear
infiltrates in the periphery, shoulders, and bases in 137 of
205 (67%) plaques, compared with only 22 of 76 (29%)
noncomplicated plaques (P  .0001).
Complicated plaques demonstrated neoform vessels in
the periphery, shoulders, and bases in 146 of 205 (71%)
plaques, compared with only 38 of 76 (50%) noncompli-
cated plaques (P  .001).
Twelve of 18 unstable, soft, noncomplicated plaques
exhibited neoform vessels surrounding the plaques. The
remaining 6 plaques had huge lipid cores without evident
neoform vessels, suggesting very recent development. In
34 of 205 (17%) complicated plaques, old hemorrhages
were found surrounding neoform vessels.
Ruptured versus nonruptured plaques. Infiltrates
were noted in the caps and shoulders in 108 of 130 (83%)
ruptured plaques and 22 of 151 (15%) unruptured plaques
(P  .0001).
External carotid artery. These arteries exhibited typ-
ical histopathologic findings of advanced atheromatosis in
51 of 281 cases (18%). Only 2 of 51 affected cases demon-
strated complicated plaques. This resulted in a significant
difference when compared with internal carotid artery com-
plicated plaques (2 of 51 vs 205 of 281; P  .001).
JOURNAL OF VASCULAR SURGERY
December 20031242 Milei et al
Immunocytochemical findings
Fibrous cap. The continuous row of endothelial cells
stained with anti–factor VIII, anti-CD31, and anti-CD34
was interrupted at the rupture. Inflammatory cells consisted
of macrophages (CD68), two thirds of the total infiltrate,
and one third of T lymphocytes and scarce B lymphocytes.
CD8 cells predominated among T lymphocytes, and
CD4 cells were sparse. This pattern was observed in 83%
(108 of 130) of ruptured plaques. Variable numbers of
smooth muscle cells were also present. A close interaction
of macrophages with capillaries and with T lymphocytes
was frequently observed.
Lipid cores. Two types of lipid core were recognized.
Vascularized lipid cores were CD34 and CD31. These
vessels differed from proliferating small, thin-walled to
thick neoform vessels, and were observed in association
with IPH. T lymphocytes were found in close contact with
newly formed vessels. In contrast, 27 of 58 stable noncom-
plicated plaques containing dense fibrous tissue and small
quantities of lipids were heavily infiltrated by smooth mus-
cle cells.
Deeper layers of plaques. In 184 of 281 (65%)
plaques, the base and shoulders showed thin-walled or
thick-walled, newly formed CD34 and HHF35 vessels
(Fig 4), which were surrounded by few to extensive mono-
nuclear infiltrates (macrophages, and T lymphocytes,
mainly CD8).
Clinicopathologic correlation
Risk factors could not be associated with any patho-
logic findings. Hypertension (74%), smoking (61%), hyper-
lipidemia (61%), and diabetes mellitus (24%) were the risk
factors most frequently noted. No correlation could be
established between plaque type and symptoms (Table I).
Of note, although 99 of 205 (48%) complicated plaques
were found in patients with symptomatic disease, a high
percentage (106 of 205, 52%) were also found in patients
with asymptomatic disease. The same was observed for
ruptured plaques; 67 of 130 (52%) were found in patients
with symptomatic disease, compared with 63 of 130 (48%)
Fig 1. Plaque rupture (arrow) plus intraplaque hemorrhage and
parietal thrombosis. An entire specimen from a carotid endarter-
ectomy frontally cut is shown. 1, Common carotid artery; 2,
external carotid artery. *Large lipid core with huge intraplaque
hemorrhage with thrombotic components, and small parietal
thrombus are observed. Fibrous cap is extremely thin (hematoxy-
lin-eosin; original magnification 3).
Fig 2. Rupture of plaque. Breakdown of cap at the shoulder of the
plaque is clearly shown, as well as superimposed intraplaque hem-
orrhage at the lipid core Trichome-stained collagen, blue; hemor-
rhage, red (original magnification 200).
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in patients with asymptomatic disease. No relation could be
found between symptomatic versus asymptomatic disease
with regard to old hemorrhage (18 [12%] vs 26 [19%]),
distal IPH (19 [13%] vs 13 [10%]), laminar hemorrhage
(14 [9%] vs 22 [16%]), and parietal thrombosis (14 [9%] vs
18 [13%]).
DISCUSSION
Anatomy and lesion subtypes of stenotic carotid
plaques (complicated vs noncomplicated, ruptured vs non-
ruptured) are described, along with their relation to pres-
ence of symptoms. In contrast to other reports, such rela-
tion could not be found.
Special care was taken when plaques were removed, as
emphasized by Coombs et al,6 to prevent plaque manipu-
lation (“no touch” technique) and avoid misleading patho-
logic findings. Serial sections were obtained to prevent the
possibility that discrete areas of cap rupture would be
missed.
Differences in flow velocity profiles and wall shear stress
might explain the lower atherosclerotic involvement and
rare complications of the external carotid artery as com-
pared with the internal carotid artery (205 of 281 vs 2 of
281; P  .0001).
Areas of carotid plaque rupture were characterized by
macrophagic infiltration at the rupture. This finding sug-
gests that inflammation, through enzymatic degradation of
the fibrous cap by macrophages, might destabilize the
plaque, causing weakening at the site of rupture.2,5,7 Com-
plete rupture of the cap (46% of cases) was the cause of
thrombosis in 7%, IPH plus thrombosis in 18%, and IPH in
19%. Therefore plaque rupture was the cause of thrombosis
in only 25% of cases.
Many factors can modulate development of thrombus.
Long-term preoperative administration of aspirin and use
of heparin during surgery may explain the relatively low
frequency of thrombosis observed in ruptured plaques.
Other possibilities are that fibrin or platelet deposition was
Fig 3. Intraplaque hemorrhage without plaque rupture. Superim-
posed parietal thrombus. A continuous nonruptured thick cap is
shown. A parietal thrombus is implanted in an eroded surface, and
a rich lipid core is heavily embedded by intraplaque hemorrhage.
Trichome-stained collagen, blue; hemorrhage, light red; thrombus,
blue-red (original magnification 200).
Fig 4. Vascularization of shoulder of plaque. Note thin-walled
neoform vessels of different shapes and sizes. Outer zone shows
media and an extensive quantity of thin-walled normal capillaries,
longitudinally oriented (brown). Anti-actin monoclonal antibody
(HHF35) was used to demonstrate vascular structures (original
magnification 250).
Table I. Demographic risk factors and distribution of data between complicated and noncomplicated, ruptured and
nonruptured plaques, and symptomatic and asymptomatic groups
No. of
patients
Complicated Noncomplicated Ruptured Nonruptured Symptomatic Asymptomatic
n % n % n % n % n % n %
Hypertension 207 148 71.5 59 28.5 92 44.44 115 55.56 98 47.34 109 52.66
No hypertension 74 57 77.03 17 22.97 38 51.35 36 48.65 36 48.65 38 51.35
Diabetics 68 51 75 17 25 27 39.7 41 60.3 31 45.59 37 54.41
No diabetes 213 154 72.3 59 27.7 103 48.35 110 51.65 102 47.89 111 52.11
Dyslipidemia 171 123 71.93 48 28.07 74 43.27 97 56.73 78 45.61 93 54.39
No dyslipidemia 110 82 74.54 28 25.46 56 50.9 54 49.1 55 50 55 50
Smoker 171 127 74.27 44 25.73 82 47.95 89 52.05 83 48.54 88 51.46
Nonsmoker 110 78 70.9 32 29.1 48 43.64 62 56.36 50 45.45 60 54.55
Hyperuricemia 17 14 82.35 3 17.65 9 52.94 8 47.06 9 52.94 8 47.06
No hyperuricemia 264 191 72.35 73 27.65 121 45.83 143 54.17 124 46.97 140 53.03
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missed at previous embolization or during microscopic
examination because of sampling. However, inasmuch as
excision was en bloc, without “touching” the lesion,
thrombus displacement seems unlikely. IPH without rup-
ture represented 27% of endarterectomy specimens in the
present study. This subset of lesions was not related to
rupture of the cap, but to plaque neovascularization. Lipid
cores were highly vascularized with heterogeneous neo-
form vessels and with macrophages and T cells in close
contact with the endothelial wall. An increase in the
amount of lipid in the core, mechanical stresses,8 and
overproduction of oxygen free radicals by macrophages
could lead to breakdown of core neoform vessels and IPH
production.2
The same mechanisms might also act in neoform vessels
in the periphery of the plaques. Old hemorrhages in 17% of
complicated plaques and presence of distant slitlike hemor-
rhages strongly suggest that the bleeding may be of local
origin.5 Hemorrhages were attributed to mechanical stress
of turbulent flow and to wall vibration secondary to stiff-
ness of the carotid wall,8 and have also been associated with
an increase in matrix metalloproteinase 1 expression in the
macrophages of the fibrous cap, suggesting a role for in-
flammatory mediators in vessel disruption.3 Therefore,
IPH may occur at any time in the course of a carotid
plaque.2,5,9,10
Complicated and noncomplicated plaques versus
symptomatic and asymptomatic disease. Plaque rupture
was present in 46% of endarterectomy specimens. How-
ever, only 67 of 130 (52%) of these were found in patients
with symptomatic disease. On the other hand, a high
proportion of patients with asymptomatic disease (48%)
demonstrated complicated plaques.
Coronary plaque ruptures have been identified in pa-
tients who died of noncardiac causes.7 Accordingly, occur-
rence of carotid plaque rupture or hemorrhage without
symptomatic manifestation seems probable.
The frequency of plaque hemorrhage and plaque dis-
ruption varied greatly among the various series from both
symptomatic and asymptomatic specimens (Table II).
In a review of several studies,8,11-16 Fisher et al ob-
served that the pooled frequency of plaque hemorrhage and
rupture demonstrated a significantly increased frequency in
the symptomatic group. However, pooling data from mul-
tiple sources when methods of analysis are different (histo-
logic vs macroscopic) is hazardous.11 Therefore studies in
Table II. Incidence of intraplaque hemorrhage and plaque rupture in patients with and without symptoms
Reference (y)
Method of evaluation
Relationship
between
symptoms and
complicated
plaques
Symptomatic Asymptomatic
IPH Rupture IPH Rupture
Microscopic Macroscopic % n % n % n % n
Lusby et al8 (1982) X  93 49/53 26 14/53 27 7/26 0 0/26
Reilly et al21 (1983) X  73 27/37 — — 47 7/13 — —
Imparato et al12 (1983) X  34 94/275 48 132/275 21 21/101 40.6 41/101
Persson et al9 (1983) X  97 33/34 52 11/21
Ammar et al13 (1984) X  82 40/44 78 25/32
Zukowski et al14 (1984) X NA/36 72 26/36 NA/13 31 4/13
O’Donnell et al28 (1985) X 62* 16/26 38* 10/26
Persson15 (1986) X X 95 93/98 67 66/98 61 38/62 8 5/62
Fryer et al25 (1987) X  82 58/71 66 47/71 45 9/20 30 6/20
Bassiouny et al23 (1989) X 68 21/31 — 86 12/14 —
AbuRahma et al35 (1990) X  60 61/101 — 9 5/53 —
Bornstein et al19 (1990) X  86 61/71 — 83 5/6 —
Leen et al36 (1990) X No difference between groups
Sterpetti et al37 (1991) X  68 30/44 — 37 25/67 —
Van Maravic et al18 (1991) X X  93 14/15 — 91 21/23 —
Avril et al38 (1991) X  17 12/72 — 2 2/115 —
Feeley et al31 (1991) X  57 25/44 — 38 3/8 —
Fisher et al27 (1994) X  53 17/32 — 73 45/62 —
Sitzer et al17 (1995) X  22 6/27 — 17 2/27 —
Carr et al20 (1996) X  84 16/19 — 56 14/25 —
Fisher and Ojemann16 (1986) X 49 28/57 49 28/57 18 6/33 42 14/33
Ricotta et al39 (1986) X X  76 26/34 75 37/49 24 8/34 25 12/49
Lennihan et al22 (1987) X X  46 56/112 — 53 40/76 —
Van Damme et al30 (1994)  38 46/121 — 19 23/129
Hatsukami et al32 (1997) X X  No differences regarding volume of plaque constituents
Milei et al2 (1998) X X  50 43/85 51 41/80
Montauban et al26 (1999) X X  94 31/33 — 71 10/14 —
Present study  23 31/133 50 67/133 29 43/148 43 63/148
Table modified from references 11, 26, and 40.
IPH, Intraplaque hemorrhage.
*IPH  rupture.
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which only macroscopic assessment was performed 8,9,17-21
must be discarded.
Some authors stress that IPH indicates only the severity
of atherosclerosis18,19,22-24; others suggest IPH has a direct
role in pathogenesis of transient ischemic attack or
stroke.8,9,12,14,25 When most studies are considered, the
incidence of IPH in symptomatic and asymptomatic disease
spreads considerably (Table II). In the symptomatic group,
incidence varied from 17% to 97%, compared with 2% to
91% in the asymptomatic group.
In the European Carotid Plaque Study,26 a high inci-
dence of IPH was observed in symptomatic (94%) and
asymptomatic (71%) groups. A higher incidence of IPH
was reported in patients without symptoms.23,27
Lennihan et al22 scored the occurrence of IPH only in
patients with symptoms, and found ipsilateral symptoms in
57% of patients with IPH and 65% of patients without IPH,
indicating little difference between the two groups. IPH
seems to be more common in plaques causing high-grade
stenosis.12,22,23
Carr et al20 found patients with symptomatic plaques
(n 19) to have more frequent plaque rupture, fibrous cap
thinning, and cap foam cell infiltration, compared with
patients with asymptomatic plaques (n 25). IPH was also
seen in all specimens from symptomatic specimens and in
68% of asymptomatic specimens. However, this study in-
cluded too few patients to be significant.
Despite a close relationship between IPH and symp-
toms,8,28,29 and carotid plaque rupture, thrombosis, and
symptoms,12,29 it has also been claimed that patients with
symptomatic plaques typically have large necrotic cores
within the carotid arteries.3
More recent blinded studies indicate that the associa-
tion of complicated plaque and symptomatic disease does
not exist23,30-32 (Table II). It is conceivable that in some
studies8,9,12,25 patients presumed to have no symptoms
might have had embolic episodes and that emboli became
impacted in silent cerebral areas or occurred during sleep.
Also, symptoms may not be recalled by patients, who are
often elderly or frail.
Of note, in a high-risk subgroup of patients with
asymptomatic carotid stenosis the annual stroke rate was
more than 4%.10 Inzitari et al33 confirmed that cardioem-
bolic and small vessel stroke can occur, in addition to large
vessel atherothrombotic stroke, in patients with asymptom-
atic carotid stenosis.1
Finally, NASCET demonstrated that most carotid
strokes occur without warning symptoms,1 and only 5% to
15% of patients have a transient ischemic attack as an
impending symptom of stroke.34 Therefore, endarterec-
tomy would be considered regardless of whether or not
symptoms are present.
CONCLUSION
Approximately 70% of our specimens contained throm-
bus, hemorrhage, or both in the plaque. Thrombosis was
observed in one fourth of cases, and IPH was present in
almost two thirds. Sixty-four percent of specimens showed
neovascularization of the plaque. In spite of findings in
some published articles, it was not possible to demonstrate
that complicated plaques (plaque rupture, thrombosis,
IPH) are associated with symptoms. In addition, it appears
that complicated plaques may occur at any time, irrespec-
tive of symptoms.
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